The aim of this study was to determine the effect of selenium concentration in early lactation on mammary gland health and histological characteristics of the udder. The experiment included 30 high-yielding Holstein-Friesian cows. Selenium concentrations in blood and milk serum, and the average somatic cell count in the first and sixth months of lactation were analyzed. After exclusion of the experimental cows from the herd, histological characteristics of the udder were examined (the degree of leukocyte infiltration and the number of granulomas in the parenchyma). The mean selenium concentration in the blood serum was 0.62±0.11 mmol/L and that in the milk serum was 0.12±0.07 mmol/L. Optimal blood levels of selenium were found in 19 cows and suboptimal levels in 11 cows. A significant negative correlation was observed between blood and milk selenium concentrations and somatic cell count in early and mid lactation. There was no relationship between blood selenium concentration, milk selenium concentration and the amount of milk produced. Selenium-deficient cows had a significantly higher milk somatic cell count in early and mid lactation and significantly lower levels of selenium in milk. Upon histological analysis, 120 samples of individual quarters of the udder were grouped according to the degree of leukocyte infiltration and number of granulomas. Results showed that an increase in the degree of leukocyte infiltration and number of granulomas leads to an increase in the proportion of quarters from selenium-deficient cows and a decline in the percentage of quarters from cows exhibiting normal blood selenium concentrations. Selenium has a significant impact on udder health. Changes caused by selenium deficiency occur due to marked inflammation process in the mammary gland.
Introduction
Trace elements have essential importance in maintaining udder health of cows. Sordillo et al. (1997) argue that there are two mechanisms by which micronutrients help to preserve the health of the mammary gland: 1) enhancing the activity of the first line of defense against bacterial penetration and increasing the defensive ability of epithelial cells to combat microorganisms that enter the mammary gland tissue and 2) enhancing the phagocytic mechanism at the site of bacterial penetration into the mammary gland. Zinc plays an important role in the proper function of the first mechanism. It affects the degree of keratinization of the teat canal, thereby protecting the udder against bacterial penetration after milking (Davidov et al., 2013) . The second mechanism is related to the effect of selenium in the body. Selenium acts as a cellular antioxidant in the cell cytoplasm, by preventing cell damage due to peroxidase, and plays a major role in the function of the immune response (Miller et al., 1993) . Parturition and early lactation lead to a weakened immune system and a subsequent increase in the risk of infection in dairy cows (Mallard et al., 1998). Miller et al. (1995) found that blood selenium concentrations decrease at parturition. Uncontrolled peroxide is highly damaging to healthy cells and healthy tissue of the mammary gland (Kommisrud et al., 2005 We hypothesized that selenium deficiency in early lactation can affect mammary gland health in cows. The aim of this study was to determine the effect of selenium concentration in early lactation on mammary gland health: milk production, milk serum selenium concentration, somatic cell count and histological characteristics of the udder.
Material and methods

Animals
The experiment included 30 high-producing dairy Holstein-Friesian cows raised under farm conditions. The cows had similar body condition scores. They were in their third or fourth lactation and gave approximately the same amount of milk in the previous lactation (7000 liters).
Blood analysis
Blood was taken during the first month of lactation (25-30 days) by v.coccygea to determine selenium concentration. Blood sera were further analyzed by atomic absorption spectrometry (AAS) on a Perkin Elmer Elan 6100 ICPMS, Massachusetts, USA. Selenium concentration was determined using the method described by Maas et al. (1992) .
Milk analysis
Milk samples were taken at the time of blood sampling. Somatic cell count (SCC) was determined in bulk milk samples from every quarter using MILKO-SCAN appliances. Milk serum was separated for the purpose of measuring selenium concentration and further analyzed by atomic absorption spectrometry on a Perkin Elmer Elan 6100 ICPMS, Massachusetts, USA. The methodology was the same as for the blood serum.
Histological analysis of the udder
The udders of 30 Holstein -Friesian cows (120 quarters) were taken for histological examination after cow exclusion from the herd. Analysis of histological preparations was performed on a Leica microscope. A quantitative method described by Mayer and Klein (1961) was used to assess the degree of damage to the alveolar epithelium, alveolar lumens and intra-alveolar stroma. Changes were identified under a light microscope magnification of 10x and 40x. The degree of leukocyte infiltration was determined based on the presence of certain inflammatory cells in the corresponding field of view, as follows: leukocyte infiltration of 0 % to 25 % = presence of several neutophil granulocytes and lymphocytes; leukocyte infiltration of 25.1 % to 50 % = presence of a significant number of neutrophils, lymphocytes and rare macrophages; leukocyte infiltration of 50.1 % to 75 % = massive infiltration of lymphocytes, a significant number of macrophages and rare eosinophils; leukocyte infiltration of 75.1 % to 100 % = massive infiltration of lymphocytes and macrophages with a few plasma cells and eosinophils. Inflammation processes include granulomas with or without hypertrophy/hyperplasia of the connective tissue of the glandular part of the udder.
Statistical analysis
As part of descriptive statistics, data are presented as mean values ±SD. The second step involved the assessment of the correlation between blood and milk serum selenium concentrations and other mammary gland health parameters. Cows were allocated to two groups based on blood selenium levels: cows having optimal selenium concentrations (>0.6 mmol/L) and selenium-deficient cows (<0.6 mmol/L). Differences in udder health between cows exhibiting optimal and suboptimal levels of selenium in the blood serum in early lactation were determined by examining differences in milk production, milk selenium concentration and somatic cell count in early and mid lactation using Student's t-test. The effect of selenium on the morphological characteristics of the udder was analyzed by the Cochran-Armitage test for trend through differences in the proportion of quarters exhibiting different degrees of leukocyte infiltration and different numbers of granulomas. The statistics package Statgraphics Centurion was used for these purposes.
Results and discussion
The average selenium concentration in the blood serum was 0.62±0.11 mmol/L and that in the milk serum was 0.12±0.07 mmol/L. Optimal blood selenium concentrations were found in 19 cows and suboptimal concentrations in 11 cows. Udder health parameters indicated that the average milk production per cow was 25.14±3.3 liters/day and the average somatic cell count in the first and sixth months of lactation was 375±84 (000/mL) and 286±69 (000/mL), respectively. The data are shown in Table 1 .
Histological characteristics of the udder are outlined in Figures 1, 2 and 3 . Figure 1 shows a healthy parenchymatous tissue (a) and parenchymal tissues infiltrated by immune cells (b, c). Figure 2 illustrates acinar atrophy in the mammary gland and proliferation of connective tissue, indicating the initiation of the inflammation process. Further development of the inflammation process is indicated by the formation of granulomas, as presented in Figure 3 . A leukocyte infiltration rate of 0-25 % was determined in 45 of the 120 udder quarters, and that of 75.1 to 100 % in 12. As regards the presence of the inflammation processes, 57 of the 120 quarters were found to have 1-3 granulomas in the visual field under low magnification, and more than 5 granulomas were detected in 19 quarters. The data are shown in Table 1 .
Blood selenium concentration correlated negatively with milk somatic cell count in early and mid lactation. The relationship between blood selenium concentration and the concentration of micronutrients in milk was not supported. Also, no significant relationship was observed between blood selenium concentration and the amount of milk produced. Selenium concentration in milk negatively correlated with milk somatic cell count in early and mid lactation, and no relationship was established with the amount of milk produced. The results are given in Table 2 .
The classification of cows based on blood selenium concentration gave results which suggested that selenium-deficient cows had a significantly higher somatic cell count in early (the first month) and mid lactation (the sixth month) and a significantly lower milk selenium concentration compared to the cows exhibiting optimal selenium concentrations (Table 3) .
Samples of individual udder quarters were classified according to the degree of leukocyte infiltration and number of granulomas. The results showed that an increase in the degree (percent) of leukocyte infiltration and number of granulomas in the tested quarter tissues increases the number (percentage) of quarters from selenium-deficient cows and significantly decreases the number (percentage) of quarters obtained from cows with normal concentrations of selenium in the blood (Table 4 ). Hogan et al. (1993) found that the occurrence of mastitis in cows is associated with low glutathione peroxidase and vitamin E in the blood plasma. Kruse et al. (2007) observed that cows infected with Staphylococcus aureus receiving selenium in their diet showed a significantly higher glutathione peroxidase activity and a significantly lower milk somatic cell count. Low levels of glutathione peroxidase were found to reduce the antioxidant capacity of the defense system of the mammary gland, leading to an increase in mastitis incidence and somatic cell count in milk (Mukherjee, 2008) . Selenium concentrations and glutathione peroxidase activity are positively correlated (Pilarczyk et al., 2012) . Selenium is an integral part of the enzyme, and this can explain why selenium-deficient cows exhibit higher infiltration of inflammatory cells undergoing excessive inflammation. Selenium deficiency provokes an inflammatory process due to reduced antioxidant activity in tissues when there is an accumulation of immune cells in response to prolonged inflammation; therefore, the concentration of selenium negatively correlated with the degree of cellular infiltration in the parenchyma of the udder. A reduction in mastitis after dietary selenium and vitamin E intakes occurs as a result of enhanced activities of glutathione peroxidase (Hemmingway, 1999 The effect of selenium on milk somatic cell count and histological characteristics of the udder can be explained as follows. Bacterial infection and growth in the mammary gland is the main etiological factor of mastitis (Mukherjee, 2008) . As a result of bacterial penetration leading to the breakdown of the blood-milk barrier, neutrophilic granulocytes from the blood come to the site of infection (Zhao and L acasse, 2008) . These cells provide the first line of defense against invading bacteria i.e. phagocytosis and killing of bacteria. After phagocytosis, these cells release large amounts of cytotoxic free radicals and pro-inflammatory cytokine in order to destroy fagocytized bacteria (Knaapen et al., 1999) . Inflammatory substances resulting from the release of highly reactive molecules mitigate antioxidants which are intracellular defense mechanisms against oxidation. Superoxide dismutase, glutathione peroxidase and catalase in the mammary cells remove superoxide and peroxides before they react with the metal catalyst and create compounds that are destructive and toxic to cells. This intracellular defense mechanism leads to damage of the mammary gland during the acute phase of inflammation (Ndiveni et al., 1991; Fuchs and Milbradt, 1994) .
Histological findings of this experiment indicate characteristic signs of inflammatory processes including edema, epithelial damage of secretory parenchyma cells, different degrees of leukocyte infiltration and the occurrence of inflammation processes (granulomas and fibrosis of the connective septa) (Jovanović et al., 2012) . Benites et al. (2002) histologically examined 184 parenchyma of the udder and performed microbiological isolation from the udders of cows excluded from milk production. Inflammation was found in 96.9 % of tissue samples, from which agents were isolated No histological change was detected in 3.1 % of the samples. Histological changes were similar to those found in this study. Our results are in accordance with the above findings since signs of inflammation processes were detected in practically all udder quarters.
Conclusion
Blood selenium concentration plays an important role in maintaining mammary gland health. Selenium-deficient cows were found to have a large milk somatic cell count and exhibit inflammatory (stronger immune infiltration of the parenchyma cells) and inflammation processes (acinar atrophy, proliferation of the connective tissue and granuloma formation) in the parenchyma of the mammary gland. Changes caused by selenium deficiency in the udder of cows are due to the marked inflammation of the mammary gland tissue.
Utjecaj selena u krvnom serumu na zdravstvene karakteristike vimena krava
Sažetak
Cilj rada bio je istražiti utjecaj koncentracije selena u ranoj laktaciji na zdravlje mliječne žlijezde i histološke karakteristike vimena krava. U istraži-vanje je bilo uključeno 30 visokomliječnih krava holštajn-frizijske pasmine. Analizirana je koncentracija selena u krvnom i mliječnom serumu, kao i prosječan broj somatskih stanica u prvom i šestom mjesecu laktacije. Nakon isključenja krava iz proizvodnje istraživana su histološka svojstva vimena krava (stupanj leukocitne infiltracije i broj granuloma u parenhimu). Prosječna koncentracija selena u krvnom serumu krava iznosila je 0,62±0,11 μmol/L, a u mliječnom 0,12±0,07μmol/L. U ogledu je utvrđeno 19 krava s optimalnom koncentracijom selena u krvi i 11 sa suboptimalnom koncentracijom. Utvrđena je značajna negativna korelacija koncentracije selena u krvi i mlijeku s brojem somatskih stanica u ranoj i srednjoj laktaciji. Nije utvrđena veza između koncentracije selena u krvi s koncentracijom selena u mlijeku i količinom proizvedenog mlijeka. Krave koje su deficitarne u selenu imaju značajno veći broj somatskih stanica u mlijeku u ranoj i srednjoj laktaciji i značajno nižu koncentraciju selena u mlijeku. Kada se nakon histološke analize 120 uzoraka pojedinačnih četvrti vimena grupiraju prema stupnju leukocitne infiltracije, odnosno prema broju granuloma, može se zaključiti da s porastom stupnja leukocitne infiltracije, odnosno broja granuloma u tkivu, raste udio onih četvrti koje potječu od krava deficitarnih u selenu, dok opada udio četvrti koje potječu od krava s normalnom koncentracijom selena u krvi. Selen značajno utječe na zdravlje vimena, a promjene koje izaziva deficit selena nastaju kao posljedica izražene inflamacije i reparacije u tkivu mliječne žlijezde.
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